Summary 20 years ago, in 1987, Edelson and co-workers published their first report on the effectiveness of a new procedure, called extracorporeal photochemotherapy (ECP), in patients with advanced stage cutaneous T-cell lymphoma (CTCL). The positive response (>70% overall) achieved in those patients encouraged several groups to try out this new technology in other T-lymphocyte-mediated autoimmune diseases and a number of dermatological diseases, which sometimes gave conflicting results. In the following years, ECP obtained FDA approval as first line treatment in CTCL. In the 1990s ECP was applied to acute and chronic graft-versus-host disease (GvHD) refractory to conventional immunosuppressive therapy and proved to be effective in >60% of cases of this larger patient population. Today, although the effectiveness of ECP in GvHD is generally acknowledged, this is mainly based on retrospective or observational studies, as data from large, randomized multicenter trials, has yet to be published. Moreover, ECP's real mechanism of action and optimal treatment schedule are still under investigation. The aim of this review is to summarize knowledge acquired to date about ECP.
Foreword
By searching the Pubmed database (end of June 2007) and using 'extracorporeal photochemotherapy' and/or 'photopheresis' as key words, a total of 654 references were found. This suggests the growing popularity of this therapeutic procedure in several clinical settings since the pioneering paper by Edelson et al. [1] was published in the late 1980s, describing the effectiveness of extracorporeal photochemotherapy (ECP) in treating cutaneous T-cell lymphoma (CTCL) patients, refractory to conventional treatments.
Historical Background
In 1974, Parrish et al. [2] reported on the efficacy of skin ultraviolet A (UVA) irradiation following oral administration of psoralen in patients with psoriasis. This observation led Edelson and co-workers to develop a system to treat patients with CTCL. These authors observed that ECP induced full remission of the disease in several patients and a substantial reduction of the skin involvement in others. Moreover, an increased survival was observed in ECP-treated patients when compared to controls (median 60 vs. 30 months) [3] . In the following years, ECP was tentatively adopted in several autoimmune T-cell-mediated diseases such as pemphigus vulgaris [4] , systemic sclerosis [5] , psoriatic arthritis [6] , rheumatoid arthritis [7] , Crohn's disease [8] and multiple sclerosis [9] . Furthermore, ECP was also introduced in the treatment of organ rejection [10] and in the treatment of both acute and chronic graft-versus-host disease (GvHD) refractory to conventional immunosuppressive therapy in patients who had previously undergone bone marrow transplantation [11] . To date ECP is performed in about 200 centers worldwide, and the number of procedures is continuously increasing. Nevertheless, in spite of an increasing number of published reports describing its effectiveness in several clinical settings, there is still a lack of large, randomized multicenter studies which aim to ascertain its real efficacy in different diseases. The purpose of this review, is to focus on technical and practical issues related to ECP, its putative mechanism(s) of action, and finally on its possible applications in the clinical setting.
Devices and Techniques
ECP mainly consists of three subsequent steps: 1) collection of mononuclear cells (MNC), 2) irradiation of MNC in the presence of 8-methoxypsoralen (8-MOP) by means of UVA at 320-400 nm wavelength, and finally 3) infusion of irradiated MNC to the patient over 30-40 min [12] . MNC collection was initially performed by means of a single vein discontinuous flow cell separator developed by Therakos (UVAR) which, in spite of the use of a 120 ml pediatric bowl, was not suitable for patients with low body weight (<40 kg). The whole procedure consisted of six collection cycles, during which buffy coat was collected and irradiated (at 2 J/cm 2 ) within a special chamber integrated in the same apparatus. In the very first experience performed by Edelson et al. [1] , 8-MOP was orally administered to the patient at 0.6 mg/kg BW at least 1-2 h prior to MNC collection. This approach was flawed by the variable absorption of the drug in different patients and by the onset of side effects such as nausea and vomiting, induced by 8-MOP ingestion. Over recent years, new formulations suitable for i.v. administration have become available (UVADEX from Therakos and EC-8-MOP from Gerot Pharmaceutical), to be added at lower concentration (200 ng/ml) to the MNC collection bag before irradiation. This has allowed for both a more standardized use of the photoactivable drug and a reduced incidence of drug-related side effects in the patients. In 1994, Andreu et al. [13] in France proposed a modification to the ECP procedure: the first step was accomplished using a continuous flow cell separator (Gambro Spectra), then 8-MOP at 200 ng/ml final concentration was added to the MNC in an external plastic bag (Macopharma), and the product was finally irradiated using an ad hoc device (UV-Matic; Vilber-Lourmat) before re-infusion into the patient. This method was defined as the 'off-line' technique, compared to the 'on-line' technique proposed by Therakos (which later went on to develop a new version of the original device: the fully automated discontinuous flow UVAR ® XTS™ machine, equipped with either a 120 or 225 ml bowl, presently on the market). The off-line method became very popular, especially in Europe, as the very low extracorporeal volume which is enabled by the use of continuous flow cell separators, allows to easily and safely adopt this procedure even in low-weight pediatric patients [14, 15] . Furthermore, this method allows for high product purity in terms of MNC content and for a final hematocrit below 2% which is particularly important given that higher hematocrit values may intercept UVA and thus compromise irradiation efficacy. It should be pointed out that the volume of the collected product is usually higher with the Therakos devices (from 280 ml with the UVAR XTS to 540 ml obtained with the former version UVAR, compared to 50-150 ml obtained with the off-line methods [12, 17] . Moreover, the off-line method allowed for performing very accurate quality controls on the total number of collected MNC and their differential count, which might in turn be of relevance from a clinical point of view [16, 17] . For clarity's sake, it should be said that when ECP is performed with the on-line method, the collected buffy coat is pumped through the irradiation chamber, allowing for closer contact of the MNC with the plastic devices; it is possible that the rolling of monocytes on the artificial material may facilitate their switch to dendritic cells, which may account (at least in part) for ECP's mechanism of action. When the off-line method is adopted, the collected cells undergo irradiation in a plastic bag, under mild agitation, on a flat surface at constant temperature. The on-line method is currently FDA-approved as first line treatment for CTCL and is a completely closed system while the off-line method requires manual transfer of the collected cells into the irradiation bag and, even if these steps can be performed in a laminar flow cabinet and/or by using a sterile connecting device, a residual risk of contamination still remains. To date no randomized studies have been performed aimed at comparing on-line and off-line techniques and treatment schedule. This latter point will be discussed in another part of this review. Finally, taking into account European Community regulations about medical devices, new machines (all CE marked) have been progressively introduced into practice, such as the recently released UVA irradiator Macogenic from Macopharma, which allows for a full traceability of the irradiation procedure, and the UVA Photo Immune Therapy (PIT) System from Med Tech Solutions [18] . Several validation studies are currently being performed on these devices, and Therakos itself is currently developing a continuous flow cell separator with lower extracorporeal blood volume, to make it suitable for the treatment of low-weight patients. Up to now, only limited information is available on the above described devices in the form of abstracts or oral presentations, and will therefore not be quoted in this review.
Treatment Schedule
Treatment schedule may vary from center to center and may be different for different diseases. In CTCL patients, on the basis of Edelson's group experience, two ECP procedures are administered monthly and continued without any pre-fixed time limit on the basis of clinical response [1] . In both acute and chronic GvHD patients two ECPs are performed on consecutive days for 3-4 weeks, followed by two ECPs fortnightly and finally by two ECP/month, for a total of at least 6 months or 20 ECP [16, 17] . Different schedules have been reported in other clinical settings and will be detailed afterwards in the text.
The Putative Mechanisms of Action of ECP
The real mechanisms of action by which ECP exerts its effects are still not well understood although several papers aimed at elucidating this issue have been published over the last years. Many changes have been shown to happen to MNC during ECP procedures. Some effects might be related to the close contact between the cells and the artificial plastic surface (the so-called 'rolling' mechanism) during both the collection step within the cell separator and the subsequent contact within the irradiation chamber (in the on-line method) or the plastic bag used in the off-line method. It has been shown that contact with artificial surfaces may enhance the transformation of monocytes into dendritic cells [19, 20] . The further addition of the photoactivable drug 8-MOP and the subsequent irradiation by means of 320-400 nm wavelength UVA, lead to several cellular modifications, including cell membrane damage and antigen modification, irreversible cross-linking between 8-MOP and DNA (with this effect being maximal at 350 nm wavelength) as well as the formation of covalent bindings with several cytosolic proteins and fatty acids [13, 20, 21] .
ECP-Induced Changes in Cytokine Production
All mechanisms described above may induce apoptosis in treated cells, becoming apparent by the appearance of specific markers on the cell surface such as the externalization of the early marker phosphatidylserine that could be identified by Annexin V [22] . In vivo and in vitro studies performed on ECP-treated MNC showed that lymphocytes are more prone to undergo apoptosis than monocytes [23] and that ECP may induce a down-regulation of pro-inflammatory cytokine production, mainly in untreated monocytes. These latter findings might be of clinical relevance in some diseases such as GvHD in which pro-inflammatory cytokines such as TNF-α, IFN-γ, and IL-2 are considered to play an important pathogenetic role in the onset and severity of acute GvHD [20, [22] [23] [24] [25] [26] [27] . To better ascertain the possible mechanism of action of ECP on the immune system, a new device has recently been developed to investigate ECP activity on small volumes of blood, thus mimicking what happens during a real ECP procedure performed on patients [28] . Most relevant changes in cytokine production which may arise after ECP procedures are listed in table 1.
ECP-Induced Changes in Cellular Immunity and Importance of Tolerogenic Cells
ECP-induced apoptosis is believed to play an important role in re-modulating immune response in treated patients even if its mechanism of action may be different in different diseases [20] . ECP may induce an anti-idiotype response to clonal T-cell population damaged by UVA treatment in clonal diseases such as CTCL [29] ; apoptotic lymphocytes may be re- Table 1 . ECPinduced cytokines production changes in lymphocytes and monocytes sponsible for cytokine secretion, thus inducing modifications in immune response, and may be phagocytozed by immature dendritic cells arising from monocyte activation and switch induced by ECP [20, 29, 30] . In fact, ECP may induce the differentiation of monocytes into CD83+ CD36+ immature dendritic cells with strong phagocytic activity which may act as antigen-presenting cells (APC) and take up apoptotic cells [31] , thus triggering a specific cell-mediated immunologic response against a specific cellular population. In CTCL patients who have a clonal disease represented by CD4+ lymphocyte with Th1 profile a normalization of CD4/CD8 ratio together with a shift from Th1 to Th2 cytokine secretion has been observed, with a subsequent reduction of IL-12 production which may in turn reduce the clinical manifestation of CTCL [29, 32, 33] . A different mechanism of action of ECP may be implicated in acute and chronic GvHD, because of the different pathogenesis of the disease. Acute GvHD is a T-cell-mediated complication which may occur after hematopoietic stem cell transplantation (HSCT) when donor-derived T cells are stimulated by host APC, with the enhancement of several pro-inflammatory cytokines such as TNF-α, IL-1, IL-6 and IL-8, thus configuring a predominant Th1 immune response [20, 34] . Chronic GvHD might be considered as an autoimmune disease with a predominant Th2 response, irrespective of whether it follows a previous acute GvHD or arises at more than 100 days from HSCT. The onset of autoreactive T-cell clones and a contemporary impairment and/or decrease of T-regulatory lymphocytes (T-reg) with a CD4+ CD25+ phenotype at high fluorescence intensity are of paramount importance in the pathogenesis of this form of GvHD [35] [36] [37] [38] . It has been observed that ECP may induce a shift from Th1 to Th2 response, thus reducing the secretion of proinflammatory cytokines, and a contemporary shift from DC1 (plasmocytoid) to DC2 (monocytoid) cell type [39, 40] , suggesting that ECP may act by altering alloreactivity by both modulating allotargeted effector T cells and dendritic APC. Recently, some research teams published details on the ECPinduced increase of T-regs in patients treated for organ transplant rejection or for acute or chronic GvHD. In 4 children treated with ECP for heart or lung rejection, Lamioni et al. [41] observed a significant increase of T-regs compared to children who were treated with conventional immunosuppressive therapy; moreover, these authors observed that T-and B-cell response to novel or recall antigens were conserved in patients treated with ECP, but not in the control patients. Biagi et al. [42] evaluated 10 patients (4 acute and 6 chronic GvHD), all undergoing ECP for refractory GvHD. All 10 patients responded to the treatment, and in all cases ECP was accompanied by an increase of T-regs after six procedures (from 8.9 to 29% of total CD4+ lymphocytes). T-regs expressed high levels of CD62L, CD45RO and Fox P3 antigens. Furthermore, sorted CD4+ CD25+ fractions were strongly inhibitory towards CD4+ CD25-fractions when stimulated with allogeneic cells in trans-well experiments.
ECP in the Field
Since its first application in patients with CTCL the effectiveness of ECP has been investigated in a number of different clinical settings, sometimes with conflicting results (table 2) . Unfortunately, most papers published so far report on single center, small patient series, evaluated in non-randomized studies. To date, ECP has obtained FDA approval as a treatment of proven efficacy only in CTCL patients. The most significant findings achieved in different diseases are reported below.
CTCL and Other Dermatological Diseases

CTCL
In their first paper reporting on the efficacy of ECP in CTCL, Edelson et al. [1] showed that 73% of 37 patients (29 with erythrodermic stage of the disease) had a greater than 25% improvement of the skin score, with 24% of the patients showing a 75% decreased skin score. In patients with erythroderma, they observed 83% of clinical responsiveness, compared to just 38% in those individuals with plaques or tumors. Complete clinical remission was observed in 6 patients and lasted 5-7 years [43] . Similar results were achieved by Crovetti et al. [44] on 30 evaluable patients, with a favorable clinical response in 16/21 (81%) patients with mycosis fungoides and in 6/9 (66%) patients with Sézary syndrome [44] . In 2001 Evans et al. [45] investigated possible parameters as predictors of response in CTCL patients undergoing ECP (two ECP/month for 6 consecutive months). They found that patients with a higher baseline Sézary cell count were more likely to respond to ECP after a 6-month treatment than those with lower values. These findings favored the hypothesis that a minimum tumor burden was required for the induction of a cytotoxic re- [46] analyzed data on 448 patients with CTCL treated with ECP reported in 17 published papers, with an overall response rate of 61%. Some parameters were identified from the evaluated papers as predictors of responsiveness, such as duration of the disease < 2 years, no bulky adenopathy or major organ involvement, presence of discrete number of Sézary cells (as quoted in [45] ), absence of prior intensive chemotherapy, and plaque stage disease at not more than 10-15% of total skin surface. In all quoted studies, ECP was performed using the on-line method during which about 5-10% of the total circulating T cells were collected and treated. In 2005 Schreiner et al. [47] reported on 3 patients with endstage CTCL (2 mycosis fungoides) not eligible for ECP, in whom a so-called 'small-scale ECP' was performed. Briefly, they collected MNC from 50 ml of whole blood, and after density gradient centrifugation the cells were UVA-irradiated in presence of 8-MOP. The treatments were conducted 2-3 times a week (for a total of 5, 10 and 27 treatments in the 3 patients).
Both patients with mycosis fungoides showed a prompt response to the treatment [47] . This last paper opened several questions on the number of cells to be treated and the frequency of the treatment and whether apheresis technology could be circumvented, at least in selected patients.
Other Dermatological Diseases ECP treatment has been proposed in several autoimmune dermatological diseases, including pemphigus bullosus and vulgaris, in drug-resistant patients or as an adjuvant therapy [48] [49] [50] , with satisfactory results in 60-75% of patients. Similar findings regarding ECP treatment have been published in epidermolysis bullosa [51] , chronic erosive lichen planus [52] and atopic dermatitis [53] . Unfortunately, the authors only reported on single-center, small non-randomized patients series. Thus, the beneficial effect of ECP in the above reported dermatological disease should be investigated in larger patient series and in randomized multicenter studies.
Acute and Chronic GvHD
GvHD still accounts for a high proportion of morbidity and mortality following allogeneic HSCT, irrespective of immunosuppressive treatment and better donor selection by means of molecular biology methods. Acute GvHD may occur in up to 40% of transplanted patients who receive stem cells from a fully matched familiar donor, and in up to 70% of those who receive stem cells from a matched unrelated donor [34, 35, 54, 55] . Since the mid 1990s, several authors have reported on the effectiveness of ECP in the treatment of acute and chronic GvHD refractory to conventional immunosuppressive therapy [56] [57] [58] . In 1998 Greinix et al. [59] [14, 16, 29, [61] [62] [63] . ECP proved to be effective even in the treatment of long-lasting (>6 years) chronic GvHD [64] . It should be emphasized that, even though there was a substantial overlap in terms of overall responsiveness to ECP when patient series from different institutions were evaluated, it was still quite difficult to compare achievements due to heterogeneous inclusion criteria and diverse patient stratification. These difficulties might arise from the lack of reproducibility of the GvHD grading system (mainly in chronic GvHD) in different groups. Consequently, new clinical grading systems aimed at identifying prognostic parameters as well as new criteria for evaluating responsiveness have been proposed in these last years [65] [66] [67] . In 2005 Foss et al. [68] published the results of a prospective study performed on 25 patients with high-risk chronic GvHD following Akpek's criteria [65] . The authors did not observe any difference between a favorable (Akpek score < 2.5) or unfavorable (Akpek score > 2.5) risk group, but patients with progressive onset chronic GvHD showed a better response rate when compared to those with de novo chronic GvHD (78 vs. 50%). Furthermore, the response rate was similar in patients who received weekly ECP compared to those who received ECP every 2 weeks. However, in 2006 Couriel et al. [69] observed a trend towards a higher response rate in patients with de novo chronic GvHD in a retrospective study performed on 71 patients with steroid-resistant chronic GvHD. There were 6 nonrelapse deaths in 17 patients with de novo chronic GvHD compared to 8 non-relapse deaths which occurred in 16 patients with progressive chronic GvHD (p < 0.4). In the same study, thrombocytopenia (platelets < 100,000/mm 3 ) at time of starting ECP treatment was significantly associated with a lower response rate [69] . Garban et al. [70] reported on 27 patients (12 acute GvHD) treated with intensified ECP (six courses in 3 weeks), with a satisfactory response rate (9/12 patients with acute and 13/15 patients with chronic GvHD). Similar results were reported in 2006 by Greinix et al. [71] in 59 patients. 21 patients received ECP at weekly intervals for 3-4 weeks, then every 2-4 weeks, while 38 patients received ECP weekly until maximal response. The authors observed that the probability of survival was 59% among patients who responded completely to ECP compared to just 11% in non-responders. In a retrospective study published in 2007, 25 patients with chronic GvHD were evaluated to find out if the number of collected and treated MNC could influence response to ECP treatment [17] . The analysis of the cell dose suggested that an increase in MNC dose/kg BW induced a decrease in the odds of treatment failure and that, if a cell dose of at least 100 × 10 6 /kg BW per ECP treatment was administered, a more positive and long-lasting response was achieved. Nevertheless, while intriguing, these findings have yet to be confirmed in larger patient series and in randomized multicenter studies. Finally, it has been suggested that ECP might play a role in preventing GvHD if administered before hematopoietic stem cell infusion, with the aim of modulating the activity of host APC [72] .
Miscellaneous Autoimmune Diseases
A few years after the paper of Edelson et al. [1] on CTCL, Rook et al. [73] reported on a favorable response observed in 2 patients with advanced-stage systemic sclerosis, an autoimmune disease characterized by a generalized deposition of collagen within tissues and organs and by a CD4+ T lymphocyte infiltration of the skin, showing progressive functional limitations and limited survival (20% at 10 years). The same authors set up a clinical trial which aimed to compare patients randomly given D-penicillamine or ECP (two procedures/month for 6 months). 79 patients were evaluated, and the overall response (improvement in skin thickening and decrease in dermal collagen deposition) was 68 vs. 32% (p = 0.002) when ECP patients were compared to those who received D-penicillamine [74] . These findings could not be confirmed by Zachariae et al. [75] in a study performed on 8 patients with progressive systemic sclerosis. However, Knobler et al. [76] very recently demonstrated the effectiveness of ECP in a 16-center, randomized, doubleblind placebo-controlled trial performed on 64 patients with disease duration < 2 years. The authors observed a significant improvement in skin scores (p = 0.0024) in patients who underwent ECP compared to those who underwent sham apheresis. The different results obtained in the last quoted papers (whilst considering that the number of evaluated patients is quite different: 8 vs. 64) might largely depend on different patient selection criteria. Several papers, mostly published in the mid 1990s, reported on the effectiveness of ECP in other autoimmune diseases such as rheumatoid arthritis, psoriatic arthritis, systemic lupus erythematosus (SLE) and Crohn's disease [8, [77] [78] [79] [80] [81] , but these papers anecdotically reported on single-center, small patients series or single-case reports and were not followed by further studies. Based on the evidence that multiple sclerosis is a T-cell-mediated disease [82] and that T cells treated with ECP were not able to induce experimental allergic encephalomyelitis in an accepted animal model of multiple sclerosis [83] , Poehlau et al. [84] treated 2 patients with a relapsing/remitting form of multiple sclerosis poorly responsive to conventional treatment, achieving a stabilization of the disease. In a double-blind placebo-controlled trial in 1999, Rostami et al. [85] found no significant differences in 16 patients with chronic progressive multiple sclerosis treated monthly with ECP (two ECP/ month) for 1 year (on-line technique, with oral administration of 8-MOP) [85] . These findings prompted further investigations in animal models [86] [87] which subsequently resulted in two published pilot studies. In 2002, Chabannes et al. [88] showed only a transient response to ECP in 5 patients with chronic progressive multiple sclerosis, treated with off-line method; each patient received 15-19 ECPs over a 6-month period. All these patients relapsed or worsened after discontinuation of ECP. In 2006, Cavaletti et al. [9] reported on a pilot study performed in 5 patients with relapsing/remitting multiple sclerosis, resistant/refractory to conventional treatments, including steroids, IFN-β and azathioprine. ECP treatment schedule included one procedure every 2 weeks for 4 months, followed by one procedure/month for the first year. In the second year the patients were given one ECP every 2 months as maintenance. During the first year of treatment 4 out of 5 patients showed a decreased relapse rate (3 with no relapses); during the second year, even the 5th patient improved; all patients showed an improvement of the extended disability score scale and a stabilization of central nervous system lesions at magnetic resonance imaging. After discontinuation of treatment, the positive effect lasted >1 year. The different impact of ECP in patients with multiple sclerosis, as reported in quoted studies, may reflect different selection criteria, in particular: stage of the disease (chronic progressive vs. relapsing/ remitting) and treatment length and schedule. Multiple sclerosis is the most common disease of the central nervous system in young adults, and a large number of patients become resistant or refractory to conventional treatment. HSCT has therefore been proposed in selected patients with subsequent transplant-related morbidity and mortality [89] , but as ECP is not accompanied by severe side effects and is usually well tolerated, the possible effectiveness of ECP in this particular disease certainly merits further investigation. Extracorporeal Photochemotherapy in T-Lymphocyte-Mediated Diseases
Treatment and Prevention of Organ Rejection
In 1989 Perez et al. [90] showed that syngeneic UVA-treated lymphocytes in presence of 8-MOP down-regulated host responsiveness to foreign MHC antigens in an animal model. In 1992 Costanzo-Nordin et al. [91] reported on the usefulness of ECP in reversing moderate rejection after heart allograft, as shown histologically by the reduction of mononuclear cell infiltrate in myocardial tissues. In 1998 Barr et al. [92] reported the results of a prospective randomized multicenter trial performed in 60 patients randomly assigned to receive standard triple-drug immunosuppressive treatment alone or in conjunction with ECP (a total of 24 procedures over a 6-month period). The frequency of patients with 0-1 rejection episodes was higher among those who underwent ECP compared to the control group (82 vs. 52%). As a result, ECP was adopted in several different organ transplantation settings, as reported by Dall'Amico et al. [93] . An intensified ECP regimen (two procedures every 2 weeks) induced a favorable response in patients with renal allograft rejection unresponsive to conventional immunosuppressive treatment [94] . Moreover, Dall'Amico et al. [95] reported a positive response to ECP in 7 out of 10 patients with recurrent/refractory rejection after renal transplant. At 2-5 years follow-up, all 7 responders remained rejection free, and no increase in the infection rate was observed. There are only a few published reports regarding the use of ECP in the lung transplant setting since the first ones published by Slovis et al. [96] in 1995 and Salerno et al. [97] in 1999 on 3 and 8 patients, respectively. These studies showed that patients with lung rejection and grade 0-1 bronchiolitis obliterans improved after ECP performed at monthly intervals. Diversely, Villanueva et al. [98] and Astor et al. [99] showed that patients with grade 2-3 bronchiolitis obliterans do not usually benefit from ECP. 
Future Perspectives
In 2001 Berger et al. [102] reported very interesting findings concerning the modification of standard ECP procedures, including overnight incubation of the collected and irradiated MNC instead of infusing the product into the patient immediately after irradiation. They observed that immature, monocyte-derived, CD36+ CD83+ dendritic cells were strongly phagocytic against malignant T cells and were able to stimulate significant proliferation of normal lymphocytes against malignancy. These investigators defined this new approach as 'transimmunization' [19, 31] . Girardi et al. [103] reported on the first clinical experience with a favorable response achieved in the treatment of 2 patients with advanced CTCL, previously resistant to conventional ECP. All of these studies led to the start of an open-label phase I clinical trial, the results of which were published in 2006 [104] . In 27 patients with CTCL, transimmunization was applied monthly for 3-5 months alone or in combination with electron beam therapy. A significant mean reduction of both infiltrative skin lesions (in 55% of 20 patients) and malignant circulating T cells (reduced by 50% in 12 leukemic patients) was observed, with no clinically relevant side effects. Thus, transimmunization should be considered a natural evolution of ECP, widening its clinical applicability even in the field of malignant disease, where an adequate number of tumor-specific dendritic cells might be generated without the need for a GMP facility, provided that appropriate quality controls are applied to enhance product safety as recently reported [105] .
Conclusions
ECP has seen an impressive diffusion worldwide since its first applications in CTCL patients. Nevertheless, as above reported several questions still remain to be answered -mainly about its real mechanism of action, the optimal treatment schedule and when and in which patients/diseases this technique should be adopted. Furthermore, ECP itself has some limitations: it requires dedicated devices (at least if the on-line technique is adopted); it is a long-lasting, time-consuming treatment which needs suitable venous accesses or the placement of central venous catheters and it is not cheap. There is general agreement about its usefulness in several clinical settings, and in at least in one (CTCL) ECP has received formal authorization from the FDA in the USA. Unfortunately, recognition by national health authorities in Europe (and subsequent re-imbursement), is still compromised by the lack of large randomized multicenter studies, thus excluding many patients from a potentially effective treatment. It is my opinion that ECP is a powerful tool and that we are still learning the best ways to use it. I also believe that it is time to set up a strong and fruitful cooperation between those centers which currently perform ECP, to design multicenter trials which aim to ascertain the real effectiveness of ECP and the best way to apply it, and to ask for financial support from central national and/or European institutions avoiding any company interference. 
